Histological and biochemical procedures were employed to study liver histomorphology and plasma levels of aspartate aminotransferases (AST), alanine aminotransferase (ALT), triglyceride (TRIG), cholesterol (CHOL), glucose (GLU) and total protein (TP) in cultured (CSB) and wild sea bass (WSB) (Dicentrarchus labrax) from the northern part of the Adriatic Sea. Histopathological changes in liver included varying degrees of in¢ltration and lipid degeneration of hepatocytes in examined cultured ¢sh. No signi¢cant di¡erences between median AST values of CSB (44 IU) and WSB (45 IU) were observed. Values of ALT were 55 IU in both groups. TRIG, CHOL, GLU and TP levels were higher in CSB (2.08 mmol/L, 3.67 mmol/L, 10.66 mmol/L and 49 g/L, respectively) than in WSB (0.67 mmol/L, 2.74 mmol/L, 3.68 mmol/L and 36 g/L, respectively). The study showed di¡erences between plasma biochemical parameters and liver histomorphology of CSB and WSB. This can be explained as a consequence of di¡erent diets (arti¢cial in contrast to natural foods), which in£uence energy metabolism.
INTRODUCTION
The Adriatic Sea, as part of the Mediterranean, is considered to be oligotrophic and moderately warm (Jardas, 1996) . It is linked with other parts of the Mediterranean basin by the strait of Otrant. The Adriatic basin is distinguished by relatively high salinity of about 38.3 ppt, which is somewhat lower in the eastern Mediterranean (about 37 ppt). In the open sea, summer temperatures of the surface are usually between 228C and 258C and winter temperatures range from 88C to 108C (Jardas, 1996) . Farming of marine organisms has a long tradition in the eastern Adriatic coast, but vigorous development of mariculture started in the 1970s of the last century. Sea bass, Dicentrarchus labrax, was the ¢rst cultured species (Filic, 1978) , and has remained as predominant farmed marine ¢sh in Croatia as well as in other Mediterranean countries. Caged ¢sh live at high densities; they do not come into full contact with the environment (e.g. sediments) and they receive additional arti¢cial food. In contrast to farmed ¢sh, wild ¢sh feed on zoo-/phytoplankton (natural drift), and they have a heterogeneous age structure and unknown life history.
Measurement of blood chemistry parameters is a commonly used diagnostic tool in biomonitoring, by which acute and chronic pathophysiological changes attributable to nutrition, water quality and disease can be detected (Folmar et al., 1992; Adams et al., 1996) . Clinical chemistry analyses are not used extensively owing to the lack of standard values for various ¢sh species (Luskova et al., 1995; Luskova, 1997) . External factors such as water quality, diet and culture conditions can a¡ect some blood values (Burtis and Ashwood, 1996) .
Blood enzyme values (aspartate and alanine aminotransferases) and the levels of energetic metabolites (tryglicerides and cholesterol) of ¢sh are considered important diagnostic characters. Often their values are used in estimating the health and condition of ¢sh and in identifying and assessing the impact of stressors in nature. The most important living condition factors such as nutrition regime (arti¢cial diets vs natural foods) and stocking density directly in£uence the composition, condition and consequently blood and liver modi¢cations (Wood et al., 1990; Christo¢logiannis, 1993) . Total protein is used as an indicator of liver impairment. Increased concentrations can be caused by structural liver alterations reducing aminotransferase activity, with concurrent reduction in the deamination capacity (Burtis and Ashwood, 1996) .
Since little is known about the di¡erences in blood chemistry between wild and cultured species that share the same water bodies, the purpose of this work was to establish a relationship between blood plasma chemistry parameters of two assayed groups, and to correlate any changes of blood chemistry with histopathological alterations of the liver in order to assess the suitability of the investigated blood parameters as rapid indicators of organ condition. The liver histomorphology of the groups examined was evaluated in detail.
MATERIALS AND METHODS

Experimental animals
Investigations were performed on cultured sea bass (CSB) from two nearby £oating cage farms (Porto Budava and Lim Channel) and on wild sea bass (WSB) caught in the Tarska Bay, all in the North Adriatic Sea, as a part of the same aquatorium and microclimate. The density of reared ¢sh on both farms was 5^10 kg/m 3 . Fish were fed with a commercial feed at 1% of body weight. Fish were fed one day before the experiment. The study included 98 CSB (mean weight 253.3+102.8 g; mean length 267.2+35.9 mm; 2 years old) and 30 WSB (mean weight 460.6+193.92 g; mean length 343.2+46.5 mm; 3 years old). The length (l) and weight (w) of the ¢sh were measured in order to calculate the condition factor: CF = w (g)/l 3 (cm 3 )6100. CF values for wild and reared ¢sh were 1.14 and 1.32, respectively.
General experimental procedures
During investigations, sea temperature (measured by UC-12 digital temperature meter; Central Kagaku, Japan) ranged from 11.58C to 23.28C and salinity (determined by refractometry; Atago, Japan) ranged from 16 to 40 ppt. The wild ¢sh were collected once in springtime by wide driftnet left in the Tarska Bay. This is a 15 m deep net of ¢ne mesh used to ¢sh for stocks of marine ¢sh. The net was set adrift and left before the ¢shing vessel returned to check the catch. Wild ¢sh were swimming freely within the net. Cultured ¢sh were sampled consecutively from two farms, in spring and autumn during a 2-year period (a total of ¢ve samplings). Experimental procedures for both WSB and CSB (netting, handling) were the same. All ¢sh (both WSB and CSB) were alive when netted; they were caught rapidly, placed in oxygenated tanks ¢lled with seawater and were immediately anaesthetized with tricaine methanesulphonate (MS-222; Sandoz, Basel, Switzerland) in order to minimize handling stress.
Blood samples from each ¢sh were taken from the caudal vein/artery using microvette containing lithium heparinate. Blood was immediately centrifuged (15 800g for 95 s) and the resultant plasma samples were frozen and stored at^208C. Plasma samples were later analysed using a biochemical analyser (Vettest 8008, Westbrooke, Maine, USA) by a colorimetric method that had previously been used for ¢sh blood biochemistry (Edsall, 1999) .
After blood collection, ¢shes were euthanized by rapid severing of the spinal column posterior to the brain. Shortly after euthanasia, a complete autopsy of each ¢sh was performed. During that procedure, entire livers were carefully removed and ¢xed in 10% bu¡ered formalin for at least 2 weeks. After completion of ¢xation, half of each sample was removed from the ¢xative, dehydrated in increasing concentrations of alcohol and chloroform and embedded in para¤n blocks. From the blocks, 6 mm-thick slides were sectioned and stained with haematoxylin^eosin. The other half of each ¢xed liver was frozen and sections of 7^8 mm thickness were prepared on a cryo-cut microtome. Those sections were stained with oil red in propylene glycol for demonstration of fats in tissues. The methods and techniques used during tissue ¢xation and histological slide preparation were in accordance with generally accepted methodology as described in detail by Luna (1979) .
Pathological assessment was carried out on coded, randomized slides to eliminate interpretation bias. Examination of slides was performed using a BF-2 microscope (Olympus). All samples were examined for abnormalities such as lipid in¢ltration, degeneration and/or necrosis of hepatocytes.
Along with histomorphology of the liver, studies of biochemical parameters of CSB and WSB were conducted: alanine aminotransferase (ALT), aspartate aminotransferase (AST), triglycerides (TRIG), cholesterol (CHOL), glucose (GLU) and total protein (TP). During the investigation period, regular health controls were undertaken in the form of gross clinical, microscopic and necropsy examination of cultured ¢sh.
Statistics
All statistical analyses were performed using the computer program STATISTICA (Version 5.0 1984 (Version 5.0 -2000 . Normality for each blood parameter was determined by Kolmogorov^Smirnov test. All values of each parameter were tested by MannŴ hitney U-test. A p value50.05 was considered signi¢cant. All plasma biochemical values of both groups were log-transformed. Relationships between the plasma chemistry parameters were determined using Spearman's test of correlation.
Discriminant analysis was used to elucidate which combination of parameters discriminated best between the di¡erent groups (CSB and WSB). We found that the various temperature values in di¡erent sampling periods had no impact on blood biochemistry parameters and therefore all the sampling periods of cultured ¢sh were treated as a single CSB group in the experiment.
RESULTS
Symptoms observed in examined CSB included skin reddening and ¢n base reddening in only one ¢sh. Internally, large amounts of visceral fat and yellowish liver were observed in all 98 CSB. No macroscopic changes were found in the wild population of sea bass.
Blood chemistry
According to the non-parametric Mann^Whitney U-test, with the exception of AST and ALT, all plasma chemistry variables measured were lower in WSB than those of the CSB, as presented in Table I . Di¡erences were found to be signi¢cant for CHOL (p50.05), GLU (p50.0001), TRIG (p50.0001) and TP (p50.001), whereas AST di¡erences were not signi¢cant. Values of ALT in 90% of samples were 55.0 IU in both wild and cultured groups.
Spearman rank order correlation showed signi¢cant (p50.05) positive correlation between some measured variables regardless of ¢sh group. Signi¢cant positive correlations between GLU, CHOL and TP; between CHOL, TRIG and TP; and between AST and TP were noted (Table II) .
Canonical variables were summarized using discriminant function analysis (with Wilks' Lambda at 0.42577, approximate F (5.72) = 19.421, p50.0001), which showed that plasma concentrations of TRIG, GLU and AST were the most consistent variables, while the plasma concentrations of TP and CHOL were less consistent variables for group di¡erentiation. TRIG (F = 16.12), GLU (F = 10.99), and AST (F = 5.46) had the highest values in the discriminant model, whereas TP and CHOL accounted for F = 3.34 and 0.89, respectively (Table III) . The model correctly predicted group a¤liation of WSB in 82% and CSB in 90% of cases. The signi¢cant di¡erences between the groups were described primarily by the ¢rst canonical axis, which explained 87% of the total variance (Tables IV and V) .
The canonical score plot (Figure 1 ) demonstrated that CSB had signi¢cantly di¡erent group mean responses from WSB. The multivariate analysis (using variables concurrently) indicated that farmed ¢sh exhibited a distinctly di¡erent response from the ¢sh of the wild population. 
Liver histomorphology
The examined wild ¢sh had no or slight lipid accumulation in livers. The cultured ¢sh had excessive accumulation of fat in cytoplasm and in some cases nuclear atrophy was observed (Figures 2 and 3 ). Histopathological changes of liver included varying degrees of lipid in¢ltration and degeneration of hepatocytes that caused loss of cytoplasmic staining and distortion of hepatic cell walls. 
DISCUSSION
Common experimental procedures for both wild and cultured sea bass, such as netting and handling are stressful to ¢sh and are often associated with increase or decrease in some plasma biochemical parameters. Numerous studies have documented changes in biochemical values with living conditions or age (Hrubec et al., 2001 ) of di¡erent ¢shes, but to the best of the authors' knowledge there are no references for cultured and wild sea bass. This lack of data makes it di¤cult to compare our results with results from other authors, but some similarities can be noted. Any changes recorded were correlated with histopathological ¢ndings of the liver to assess the suitability of the investigated blood chemistry parameters as rapid indicators of liver tissue changes. The results from multivariate analysis and analysis of single parameters (biochemical values) indicated that ¢sh from the wild population exhibited a distinctly di¡erent response from those of cultured bass.
Increased concentration of total protein can be caused by structural liver alterations that reduce aminotransferase activity, with concurrent reduction in deamination capacity (Burtis and Ashwood, 1996) , and can be due to the impaired control of £uid balance (Bernet et al., 2001 ). Kavadias and colleagues (2004) state that total plasma protein concentration in cage-farmed sea bass ranged from 4.88 to 5.93 g/100 ml and showed minor £uctuations throughout the year, which correlates well with our ¢ndings. The work of Hrubec and colleagues (2001) showed that protein levels in striped bass increased with age. This was not observed in our study, where the values were higher in cultured sea bass at 2 years of age than in wild sea bass at 3 years of age. Goede and Barton (1990) found that protein concentrations were in£uenced by diet. Therefore, the impacts of di¡erent living conditions and nutrition regimes (arti¢cial diets vs natural foods) were greater than the age factor since farmed (younger) ¢sh had greater total protein values than the older (wild) population.
The authors have previously observed that GLU concentration in ¢sh decrease with age and size (Coz-Rakovac and Teskeredzic, 2000; Hrubec et al., 2001) . Our results for glucose levels in younger and older groups show analogies with observations described by others.
According to Hill (1982) , CHOL concentrations increased as ¢sh size increased. In our study this was not observed. Our results showed that culture conditions could be responsible for higher values in younger, cultured, ¢sh.
In general, animals fed on diets with elevated levels of fat and carbohydrates show a signi¢cant increase in TRIG levels in body tissues and in plasma. Since TRIG are mainly synthesized in the liver, from carbohydrates providing a secondary energy source, and are stored in fatty tissue, they indicate acute liver disease and a high-fat diet. TRIG in our research showed greater values in cultured than in wild ¢sh.
AST and ALT activities are quantitatively the most important aminotransferases relating to amino acid metabolism in the teleostean ¢sh liver (Cowey and Walton, 1989) . Elevated AST and ALT levels may be due to damage to the liver, but other organs may also be a¡ected, such as the kidney and gills. The increased AST and ALT activity in ¢sh may indicate leakage of enzymes across damaged plasma membranes and/or increased synthesis of enzymes by the liver (Yang and Chen, 2003) . The mean values of both aminotransferases in this work did not show signi¢cant di¡erences between wild and cultured populations; calculations of standardized coe¤cients for canonical variables demonstrate that they had an impact in the mathematical model. That is, aminotransferases assisted in sorting of 87% of the sea bass samples (82% wild and 90% cultured), which indicates aminotransferases to be one of the most important variables in di¡erentiating wild from cultured ¢sh in mathematical models.
The histological studies of livers provided an index to the general condition of the ¢sh. In serranids, the liver is not a major lipid storage organ, so that in farmed ¢sh, because of improperly balanced diets, a pathological syndrome of`fatty liver' occurred. Fatty liver is a particularly signi¢cant problem in sea bass culture (Oraic and Zrncic, 1998) . Liver modi¢cations due to arti¢cial feed are a reaction to imbalanced feeding or a nutritional pathological process. According to Casillas and colleagues (1983) , enzyme activity (AST) increased with fatty change in the hepatocellular component of the inner zones of the liver, whereas our data did not show increased AST activity with lipid in¢ltration or degeneration. The authors conclude that the changes in liver, although borderline, were not so overwhelming as to manifest themselves dramatically on liver enzymes in blood, namely on aminotransferases. Therefore, although the liver tissue was partly degenerated, its functional condition was maintained.
Considering the abundant numbers of individual wild and farmed ¢sh in the study, we can draw reliable conclusions on biochemical and histological di¡erences within these groups. From the baseline values established, we recommend the use of a strict regime for feeding farmed ¢sh with arti¢cial feed, which might burden the metabolic activity of the liver and lead to the immune de¢ciency and diseases. We recommend the introduction of the regular checks of the liver enzymes in ¢sh, since blood withdrawal in ¢sh need not be a lethal procedure but is an excellent diagnostic tool that might immediately indicate physiological disfunction. Also, we have demonstrated that a biochemical analyser designed for mammalian blood plasma or serum (Vettest 8008) can be used to measure several clinical biochemistry variables in sea bass plasma and has already been used in previous trials (Coz-Rakovac et al., 2002) . The precision of the instrument was excellent and the authors expect to use it further for establishing baseline ranges of several clinical biochemistry variables in di¡erent ¢sh species.
